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Abstracts In this paper, we investigate the control methodology of inverter Airconditioner, using the three
dimensional vector scheme. The method of three dimensional vector aims at the determination of optimal
switching patterns for PWM to reduce switching loss and to improve the performance supplied voltage. The
induction motors are widely used for home Airconditioners. These motors can be classfied into two types: on
or off control of Airconditioner and the speed control of motor. For speed control of motors, generally PWM
methods are used. The PWM method based upon the modulation of triangular wave can not afford to supply line
voltage to the motor sufficiently because of the capacity of processing speed of micro processors. Therefore
airconditioner can not be operated efficiently. This problem can be solved with the method of three
dimensional vector since it can increase the supplied voltage and maximum operating frequency of motor to
173V and 96Hz, respectively. As The result, this method shows 10 - 15% increase of voltage and 10% increase
of operating frequency over the modulation of triangular wave. According to a theoretical study, the number
of switching in the method of three dimensional vector is smaller than that of the modulation of triangular
wave, The power consumption can be reduced and the supplied voltage can be increased. In other words, the
efficiency of Airconditioner can be improved. We show that the method of three dimensional vector can supply
higher voltage than the modulation of triangular method through the experiments and verify the degree of
improvement of efficiency theoretically.

Keywords inverter, vector,

1. A& Y AARE Z7] ol 7 ERA2EY 29A Eol
%2 ZHEd o g2,
A2l 7138 Aircon ol A Compressor o] Al§-Hojx T A& Algsel Fae (DA 2o 'Y
EH= HEol §THF7] o9, ©&3] Compressor &
On/Off A71& Type T EEQ &X& AMojste Typed 27t €o = @ -sin(awyt + ¢) (0

A7 dew, FHIZoe BLDC AF7IE @AY Compressor &
ALg Ho] Am oy, A4 x7] @A) Wi nju|g SW2 =34 AW AE UVNE A0 Wz Ao o
BEeli. Wi FEAF7IE A AUAS. o]7 PWM 8 Ux,Vy.Wz 9 Power TR 9 Base PN 23 59
T FEAE7IANA Inverter PAM Ao dmelEO2E By By Bw,Bx,By.Bz & Dead Time & :eistx 1 UERHATEH
NERE Sinehz a1, 4% WE YL AgsE Aol
durzdolm, difR AEEHAAAD Yoy, olEd Sine 9
475 Az wgel glela: Aol Tzaxel A A%

FEE BAl WP EEol A7k AD F AE Aol 100%

Bu Bv Bw
B 2 A Edc/zx/—— [Vrms] (34 Inverter @1 74 $)olaL, “K "“k _K
Aol M V3 x Ede/2v2 = 0.612Edc [Vrns] Ede == 4 ;
gol BEHoZ dojdg 24 AW 4 glon, Ea | :

]
Y A¥e awgE aAd do.
B =R ME Sine o 4zt Wz 4 B 10-15% AE B_K} By L.K
9’] 7&?:}% ‘3 O]’g‘ UE" 1[: /\)\L' Oé' a]Z—. ‘}}‘ﬁ%gl '51’\«}?1 3 TR2 TR4 TRE

A9 Vector Aol (A% WTAWE o4 oojd

Compressor o] #£8 1, vz 4% ALE BATH. ' N
281 34 9wy Fz=

2. 2= @4 Inverter o A 1B JE HAZES 100% ¥ A

Edc /22 [Vrmsl2 A%, 34 Inverter o A$ 2

2.1 4E B} Sine A S Wz B4y 291 9 N HelA B Zhate] Aol 1008 WEA|
34 ZE AQS W2l YErd UVNY FAMAY Edc/22 [rms] 2 ®7] ool Mz Aol Ale

500



V3 x Edc/242 = 0.812Ed¢ [Vrns] (2)
= %ll:}“‘] (31
0 n/3 n/3 n t/3 ®/3 x /3 8/3

x

NI = R e
o T UL LT UL
RTINS

BW if l
le__] U“"T"T‘LJ ]__Jﬁrﬁr

+Edc :
U-vo:
—-Edc

SEPIRE T CE IR

ol Ao} PWM ShHoz e o] g2 o Mg A
G U-v ook, W2 o 0<g<27 o A FAolA Switching
ol o]0 AT A B & AT UV A7 AYe NEH

= T Al A2
e Sin((Uof)gl At A7 (Amplitude)ol =e} Pulse & WX

(PWM) 7} o] Fold & & 4 Art.
Az ojojAol 283 329 Compressor ol B2E 4 HFIY
galg 18 3 o JeER AT,
TeKH).leS/? s .
Il T A: 65 Hz
I @®: 78 H2
i ]
!
B 1
]
i
i
I
|
!
|
1
i
: o . .
I
*——Q—vaﬁﬁJ 20 Aug 1998
1:48:1
93 AES Az iz g AAF F4
2.2 3FY Vector (A& fIAY)S] T F WZE
A ol# &L woll, XF Switching &AL Fol7]
Ael) ANEH e, T A A Al7lE Aol ohvjgr A&w
Bl AHE doll 24} AMAEE 293 dYs d¥sts PR
ylow Eameloa yelye #3444 a7 #ol
_‘at}_.[’?]

501

w[;\y

Sz »/’gn
3

+VOC . e ) (3)

4

o
V(](f)=—g—~( oa"'vub'e

@1 elA UV dgkel e 34 Agelst s, 34
A wA ATl A WEE CFos JEdrh o A
e MY ddel 02 AR FG0VDI BEE YA
7le olgati T oME R o]Fojd 6740 FAFor o Fol
A aga s e A%t P

Im

A
v3(0.1.0)

v2(1,1.0)

08

[e:]

b=

40 N\ v1(1.0,0)

, Re

va(0.1,1) = :'.
: v7(0,0,0),

293

v0(0,0.0)

A5

V5(O 0.1)

v6(1 0.1)
294 HEA A Ao A

v2

Re

295 Y Wel A WEHs A5 W

g A AMER Aad 2¥5 dAMAY A W Vi

V2ol zZtzre <vb AT Ti 9T o WshA AR AEsn, &
A et A% dE o gFol=g FHHE AHE
SAsE 3e g ARg QaAsy "ok 7
A W g A WEe) AN Aze ohs gop

7,=mT,sin(z/38-6,) W
T, = mTgsing,
T 29357 .6 M2 mizg
oq71H Hzxd 4 9g3 do.

o () (5)

" EB



EY, V0B FASE AL T, E HEAeE YEdTh
To =T, =T, =T, (6)
A& ATANE doler Fhgstn, 7 A §A4 At 4H
2& Azt 4oz Y g oW g2 AdES
o Ao vebd 5 g, B
BR0, 0 <awpt <7/3 MA
e, = sin(ayt + @)
e, =0 (7)
e, = sin(egt + z/3 + ¢)
d91, x/3< @t £2x/3 A
e, =1
e, =1-sin(awgt + @) (8)
e, =1-sin(ayt -7/3 +¢)
B2 27/35 @pt < NA
e, = sinlagt - n/3+¢)
e, = sin(eyt - 27 /3 +¢) (9
e, =0
4E3. <t <4x/3 A
e, =1-sin(wyt -7 + )
6, = (10)
e, =1-sin(wyt -27/3 +¢)
B4, 4x/3 <@yt <5x/3 AA
e, =0
e, =sin(wgt -7 +¢) an
&, =sin(wgt +27/3 + @)
BH5 51/3<wt <27 A
e, =1-sin(wyt -4z /3 +¢)
e, =1-sin{lwyt -57/3 +¢) (12)
=1
374 % Age 236 o Jehd U V.¥ e ZelqAg 120°
2] AaAg 2D, 7t EAX 2] A9A goldd A g
A7AA 2 7+ Aotk g2, a"e oA A((7)-(12)9) Azt
AR T4 AE UVEE 3243 22F A5 Ao P
3 Ux,Vy,.Wz¢ Power TRS Base PW &3 #7

Bu.Bv.Bw,Bx .By.Bz & Dead Time & 223dtA & Vetidct.
34 Inverter o 7% ,100% W32 Aol Azt At A=

V2 xEdc/2 =0.707Edc [Vrms] (13)

2 gk, ol 2,104 AEHst SINE AR Mzse
Azhst wze) vls) 15% AE w2 AGE A7Ees AE
ol "k, 0|7 AAY PN FHyoz verd Fof 2%‘ 6
o) M7k A U-volrk, 186 o k<2 9 HYRE 6%
Baio 4 FoAME UVHE FolA o= 142 Swntching
2 A 92, YolA 270 A4 9 Switching ©] o] FoiA s

T& BT alt} U-v o) Azk Mgt AEY A((MN-02)9 24

502

Qt Z7)(Amplitude)oll wtel Pulse
< & 5 Ut

AA oo HEs 3¢9 Compressor ol
H4Y9g 297 o el

= wz (PR 7 olFo3

52k 4 AR

n/3 2r/3 ®m Ar/3 S5m/3 2R

in/3 8w/3 3nr

Ux
vy

wz
BU
BX
BV

BY
BW

BZ

+Edc
uU-vo
—Edc

a% 6 A% ARAHY AR Az

Tek HIOW I0,0I(S/g 1550 Acqs

L |

-00ms

ST8MV 20 Aug 1996
11:51.02

a7 7 A% ATAY 4 AF 49
2.3 f/v B4 Ao vl
AF7A AHE 2.1-2.29 7tzbe] Qe Fo A Fo
Fo W U Ax®ly Y /v data & LOOK UP Table
2 A AYe 29 Aol AFE ¥ 8 o Yo,
ag8aA Be 3 AW AEgv Sine AR FAH W
Z Wyol AN oA 3 AU Vector P S A4}
el uls] B2 FaFe fa FH AL 10%-15% A
&2 ¢ 5 A, A oejde g AW Al 2,19 Wy
e 2HALL awF 28 T ¢v) WEdd dejdy w3
Up & 293 71ulst”) 01%35}.
& AR 2oz A HEF dojye anHyAn
2 2899 vEUg. 289 &4 BHE3iAYE 3 A4
Vector (7% AZ2)o) Fapgo] thE} Aan]H ol
HA I& & dFAT.

o
2



[v]

{EER]

F/V 84 A v

170.0 =2
150.0
< 4
130.0 ,’/ — i
/'/ ~
110.0 A
//
. [/
090.0 v
L
070.0 }——2
050'0 —_—T N A W o i 1. 1
34 38 45 52 65 72 76 8 9 106
[Hz])
{ e e E ~— 424

a8 8 F/V AL vm

2640.0
2440.0 /‘
2240.0 ![
2040.0 /
1840.0
1640.0 //
1440.0 4/)//
1240.0
5
1040.0 o
34 38 45 52 65 72 76 86 9% 106
[Hz}
[ AT e R= T it
1% 9 Ay AY vz
EER W]
2.700
e
S
2.500 \‘
ol **\“\ \
2.300 L\
2. N
\‘\
2.100 T
AN
\\'\
1.900
Y
1.700 \X
1‘5‘00 1 - —t A e S i i
34 3 45 52 66 72 76 86 96 106
[Hz]
[ - A RAHZT e ERT

1% 10 EER(Energy Efficiency Ratio) u}i

503

EER(Energy Efficiency Ratio)9] A3dZATM{E 2% 10 oA H
ERAY 3 A Vector Y(AE AZAMY)o] 2& Foseof
th &l EER(Energy Efficiency Ratio)°o] FA &% <¢Arct.

3. 2%

B =FAMe A8 288 ®ol7] sl 3 449
Vector W& (A% AZAH) ALR® PN AolE oo
Compressor Alojo] Al& ataic).

3 29 Vector H (A% JZ A & NEH7) Sine A
Bl A Wz W] Bk Switching 58 HA »Ua &
22 Compressor 9| Motor of <17}8 £ e AYS L=
F A”den, dojzo A JAYE 9 F AWUn, 2HA
oz uyR AEEERIE €3 & ¢ AU,

3 a9 Vector H(AE Y3 AY)L 7)FE 2 2o n|sle] T
Bo £2 HSE ol4TF de WPAdL FA&HAn, oo
A QvlE Y & 24 Aojolle 3 AY Vector H(AE 9
Abgdel 43eg Ay As §E A,

a59

Vo
o

[1]B.D.Bedford and R.G.Hoft,"Principles
Circuits” Wiltey, New York,pp.121-164,1964.

[21B.K.Bose,"POFER ELECIRONICS AND AC DRIVES” PRENTICE-
HALL ,Englewocod Cliffs N.J.07632

[S]Fuj itsu, “Microcontroilers Data Book(F°MC-8L Family),
Fujitsu,Tokyo,1996.

[4]K.Ogata, “State Space Analysis of Control Systems”,
PRENTICE-HALL ,Englewood Cliffs N.J., K 1967

[5]K.Takashi, “Power Electronics for the Microprocessor

of [Inverter

Age”,

(6]mo WE/ KE BB, g -RHEF 1 T HESR
& CQ H Mt , Tokyo.

(TlaxIemae, <7 A OHFHF,

(81352, “oIwE £& A»2 H%F g, 1905,



